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Tit 9  tn  v>Mr  fiyticiti  ivrlu  i«  r.oi.‘  j  tuurCt?  wifscnttibiu  ‘C  If  conflufrvo 
rflailv#  /uk<  uv^^r  Lwt  upon  ciiv  point  vi  vi«w  of  itic  ol>ft<trvf>r.  In  our  boclol 
worl«i»  tliM*  1.)  fu.  'octlvo  ttnd  al«>o  t'oir.ontia  on  cho  pi  :i>pwcclv«  of  the  obvorvor. 

In  »rcijl  «clot.cu  incoristu,  ota'  cttplricul  Mvilyslf,  hoMovur*  Ciuo  is 
treated  aa  ar  al^ni*lutc  contluuua  aiont  vitlch  all  4.'V-,^nts  anu  entitlf's  OKlstinp 
at  the  saric  tiiHs  have  the  faae  tccf^ntal  statue.  Ihl*  is  true,  for  exanplv.  in 
all  theoretical  uorH  In  ir  t/tiiire  the  uxiatetire  of  an  absolute  calendar  tle.e  is 
assuswo.  The  o«.rpc:.c  of  thin  poper  iff  to  help  alter  the  dependence  on  this 
sinRular  vlet/  of  tlrie  by  ir.cor  pore  tin*  In  a  field  theory  of  International 
relations  the  notienr.  of  cubjoctive  (social)  and  Multidimensional  titue. 

In  t’.-.o  ref'ref’cncatlon  developed  here,  tire  ir  treated  as  a  set  of 
dimensions  uhici<.  aion(  with  social  dincncions.  describe  the  socinl  space  of 
nations.  Attributes  and  behavior  of  nationc  hove  pro.icctions  on  the're  tire 
dlTionslons  continc,cnt  on  a  nation's  c.hnn.';e  t!’rouch  cnlcndar  tine.  Iiations  are 
differently  located  on  the  tine  uiticnsions  in  terns  (>Z  their  relative  magnitudes 
on  the  atCributcR  related  to  tii'.c  etu:  their  r.hani;e  in  tlue  on  th.ese  attributes. 

Social  Cir-a  in  Intermitional  relations  is  then  represented  as  being 
dependent  on  the  observer  nation.  In  iielc  theory  terns,  cistonces  (for  the 
same  calendar  tir.e)  betv/cen  nation  actor  and  ob.iect  can  be  computed  on  the  social 
time  dinensions  an«  treated  as  social  forced  affectlnp,  the  behavior  of  one 


nation  to  another. 
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i/!inc  iatpcrlc’i;cc‘  t«.‘nchca  ufr  \u  i^at  one  n>ethi<d  o'  reprc* 
sontatior  la  iioro  ^ppropritrc;  th.'r.  anotlit-r  in  cl-.u  fcnr.c 
that  a  »«p  ot  the  earth  ie  tiorc  ir>nroprl:ite  on  ti.v 
Bitrfacc  of  the  ^pi<are  t'.ian  on  r  plane.  ‘!he  authority 
I'l  Ich  v*e  fort  nr iy  attrltiitec  to  the  lat  a  of  nature  In  one 
way  hop  not'  to  hn  nltrihutet.  in  another  to  the  loi;ic  of 
our  uethon  of  runrexentation,  nancly,  In  tlilr.  t?ay,  that 
if  k!0  <finh  to  !.:aht!  pictures  of  ctie  t'orlj  nccurdin<t  to  a 
particular  act, one,  ti'.en  we  wtst  follot;  the  rulot>  ef  that 
achet  e.  Ti«ls  la  net  to  nay  that  tlu.  sciicnu  netcruines 
what  must  he  the  form  of  the  actual  pictures  v;e  drat;,  but 
it  docs  oeclue  vi'at  plcturea  are  poFsiulc  ....  Ihus  that 
we  heve  ccllea  lav/s  of  nature  are  tiie  Inwa  of  our  ucthiKs 
of  rcnresentln);  it.  (bntoon,  lC6b,  r,  ;t3w) 


I.  ii'xnoDucTior 

'./liat  la  time?  If  rnythln;'  8cer;S  to  be  aosuried  by  stuceuts  of  luternational 
relations,  It  Is  that  tire  iiaa  cn  objective  meanlnp.  Titse  car.  be  calllratcc.. 
Lvetits  can  be  taaged  as  to  their  day,  hour,  anc  mlr.ute.  /■.nd  natiinp  oruar  their 
behavior  in  correspondence  with  a  fined,  universally  ielev.'’pt,  standard  of  tine 
which  has  linear  extension  lr«  the  past,  present,  and  future, 

IJhlle  tine,  thus  partitloiiod,  measured,  and  stanclaruir-.ec ,  s;;t-isfle.s 
practical  need  and  conmon  sense,  does  this  ueeply  ingrained  orientation  represent 
the  only  scientific  reality  --  the  reality  which  is  constraincu  ano  molded  by  our 
scientific  frameworks  and  theories? 

If  psleed  about  physical  reality  a  century  ago,  tliis  question  v;oulo  have 
been  considered  silly,  at  best.  For  in  the  Fewtonlan  worlci  view  then  perncatlng 
scientific  theories  and  common  sense  perceptions  alike,  tine  am.  space  were 
absoluta.c.  Although  the  units  v;erc  arbitrary,  there  was  an  unuevlying  linear 


rodlity  —  «  roiii-tant  t  caiiou  tl*  c  —  r.  wMcU  ail  ana  cotlon 

could  ba  %nu;  vdt 

Still  rc«‘liiir  t'ror.  t'lo  lund.viuntal  £tu!  intillfctually  revolutionary 
construction  of  iiun*i  ucliuvan  ;!•  oriftrit'*:^ ,  n  occond  fununnciital  blow  wan  struck 
by  Elnstclr  at  tlio  buf.innlrf  tf  this  century  by  his  thi-'ory  of  relativity*  For 
Linstein,  and  fur  the  cutiCernrrnry  natural  bcienccs  •.liosc  orientation  towards  time 
has  been  shcncu  liy  riie  tl'eory  of  relativity*  tir.ie  is  a  fourth  dinenaion  or  physical 
space.  It  iu  a  coordinate  a::l8  tdiich,  alontj  uitli  the  three  a'ces  of  physical  space* 
is  subject  to  linear  transfomatlons.  Tine  is  not  fixed*  but  relative  to  the 

2 

notion  of  objects  in  space.  More  fundancntally*  tine  in  relevant  to  the  observer. 

This  fundar.iertal  break  with  the  Tev/tonian  world  view  v/aa  difficult  for 
science  to  accept  at  fiist.  The  theory  of  relativity  reouived  tv;o  major  trana- 
fornationa  in  thought*  neither  of  which  were  easy  by  itself.  First*  the  theory 


1 

The  development  of  non-Luclidean  j'.eonetriec  proved  that  Euclidean  geometry  was 
not  the  only  consistent  geometry  possible.  It  »;ns  clear  that  geometries  that  stand 
on  equal  uathematical  Cootinf»  v/ith  l.uclidean  geometry*  v/liile  being  contradictory  to 
it*  could  uc  formulated.  See  h'agei  (1961*  Chapter  9). 

-  In  the  words  of  Canov?  (1962,  p.  18*  italics  omitted),  "two  events  considered  to 
be  simultaneous  from  the  point  of  viev;  of  one  observer  will  from  the  point  of  view 
of  another  be  separated  by  a  certain  tine  interval."  Ga:aow  provlaes  a  clear 
conceptual  introduction  to  the  theory  of  relativity  and  the  role  of  space  and  time 
within  it.  On  tlie  philosophical  implications  of  Einstein's  treatment  of  time*  see 
Grtlnbauiii  (1963).  On  the  general  philoHophlcal  implications*  see  Schllpp  (1949)  and 
Einstein  (19i)4).  \ 

^  In  the  full  neanlnp  of  tiic  concept,  the  shift  from  Newtonian  to  Elnstelnian 
theories  was  a  cl'an;:e  in  inconnensuralle  paradifjms.  The  transformation  of  view 
involves  literally  a  switch  in  visual  gestalt  from  one  world  to  the  next.  "In  a 
sense  that  I  am  unable  to  explicate  further*  the  ^Toponents  of  competing  paradigms 
practice  their  trades  in  different  worlds.  One  contains  constrained  bodies  that 
fall  slov/ly,  the  other  pendulums  that  repeat  their  motions  again  and  again.  In 
one,  solutions  are  compouuds,  in  the  other  mixtures.  One  is  imbedded  in  a  flat* 
the  other  in  a  curved,  matrix  of  space.  Practicing  in  different  worlds,  the  two 
groups  of  scientists  sea  different  tilings  when  they  look  frotii  the  sane  point  in  the 
same  direction,"  (kuhn*  1962*  p,  149), 
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wail  a  chani.^t'  in  coii(  :  ucj  cl  !nn,  :  tx  cmxi  j’ts  •  i  r<.‘  invc'lvti.'  r.i-.c  cld  ones 
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vere  saer,  in  u  ciifurunt  lii.lit. 

Second,  atic;  more  lauicbily,  a  uiiift  in  plil >osoni  icai  (>ri.unt atic.i.  mua 
renuirea.  In  the  i.ewtonlun  ucl>-ticeu,  therein  reality  ai.t  there  tind  this 
reality  is  described  l-y  our  tcientific  laiowlcdf^^e  and  tliaories  raid  the  reintionsliips 
in  reality  are  plvcn  iiy  rur  loyic  anu  r-atheriatxcs.  in  the  contc:  ;porary  vl«.‘w, 
scientific  theories  arc  our  reolity  and  this  is  the  only  reality  we  arc  privileged 
to  know.  i;o  liiatter  how  ori*',lnally  hinarre,  ccieutific  tliciiriea  r.old,  s'w'pc-  and 
restrict  our  perct.ntions  and  becof.ie  our  reality,  depeneent  upon  their  ability  to 
enconpaso,  order  nnd  pretiict  ohnorvation.^  For  the  l.ei.-toiiian  mind,  tint  was  lo 


^  In  nineteenth  oonturj'  pliysics,  it  v;as  r.ssumad  that  abstract  syrhcls  of  tbe 
theory  could  be  translated  into  observation.  It  v/as  tl:ouf,ht  rr  asunmients  could  be 
nade  without  difficulty.  Flnstelu  iatrocuced  descriptions— operational  definitions 
—of  how  neasurcuieats  would  take  place  as  "an  esiicntlal  part  of  the  theorv,"  (Frank, 
1955,  p.  20) 

^  Einstein  would  not  have  completely  apreed  with  this  sonev;hat  idealistic  view, 
i.e  would  have  gone  so  far  as  to  say  that  theories  are  constructions  of  the  mind, 
"Science  is  the  attempt  to  make  the  chaotic  diversity  of  our  sense  experience 
correspond  to  a  logically  unif orr:  system  of  thought  ....  The  sense-experiences  are 
the  given  subject-matter.  1-ut  tl.e  tbeon/  that  shall  interpret  then  is  man-made." 
(Einstein,  1953,  p,  253)  liut  he  wouli  also  assert  that  there  is  a  reality  which 

the  theory  should  faithfully  represent,  "hone  piiysicists,  anony  them  myself,  can 
not  believe  that  i/e  must  abandon,  actually  and  forever,  the  idea  of  direct  repres¬ 
entation  of  physical  reality  in  space  and  tir.e  ...."  (j!inst.in,  1953,  p.  261) 
lirtiile  Einstein  hi.r.self  tlius  kept  one  foot  in  the  re.ali?,t  worlo,  the  rcaiist 
philosophy  was  struck  a  fatal  Mow  by  the  theory  of  relativity  and  later  cevelop- 
nents  in  quantum  theory.  With  reyara  to  relativity,  for  exami’le,  a  characteristic 
of  the  theory  is  tlie  "abandonment  oj  m'chanlcal  analogies  ....  Instead,  a  logical 
empirical  mode  of  expression  is  employed;  that  is,  a  system  of  nathematical 
formulae  is  given  ana  the  operations  are  described  by  i.’hich  tlie  magnitudes  can  be 
measured  empirically."  (Frank,  1947,  p.  249)  lechanical  analogies  camouflage 
the  analytic  structure  of  theories,  by  blowing  av;ay  this  smok.e  5^creen  —  tliis 
reality  component  —  theories  could  be  seen  as  floating  above  the  v.oj: Id  of 
observations  and  connected  to  this  world  as  dirigibles  are  counoctcu  to  the  ground 
by  lines  we  call  rules  of  correspondence.  An  excellent  presentation  of  what  I 
am  calling  the  post-’dewtouian  perspective  on  science  is  given  by  ilargcnau  ( 195C) . 
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obviously  an  absolute  n.;rt  of  p'.1y^^tc^l  reality  that  then  was  ao  doubt  that  events 
occurrinc  at  tho  aar.'.«!  clock  tine  uccurrou  aluultanoously,  tbat  time  was  universally 
the  suT'.e  for  all  thlnrs. 

Oddly  enoura,  while  natural  scientists,  until  recently,  round  it  most 
difficult  to  believe  physical  tine  varied  by  observer,  social  scientists  have  long 
felt  that  tine  has  a  subjective  component.^  The  sense  for  the  passage  of  time  can 
vary  for  the  observer  and  the  activity.^  While  I'm  writing  this  paper,  for  example, 
tine  is  moving  with  great  speed;  an  .lOur  is  a  fleeting  ninutc  and  a  page  of 
scribbles.  W'hlle  L'.lttlng  in  a  dentist's  chair,  henjever,  each  second  of  a  minute 
has  a  palpable  identity  of  its  ov;n;  the  memory  of  each  minute  is  sculptured  in 
enanel  to  be  slowly  crodeo  only  by  the  passage  of  months. 

Time  not  only  varies  subjectively  but  also  culturally.  Different  cultures 
perceive  and  treat  time  in  different  vmys  (kali,  195b), ^hls  is  never  more 
obvious  than  vrhen  r.oving  from  one  culture  to  another,  v.’herc  standards  of  punctuality, 
where  the  value  of  tl.  i;  (such  as  the  peculiar  notion  that  tiv..e  wested  is  time  lost) 


^  See,  for  example,  liall  (1S59),  Barker  (1963),  and  kluckhoLu  and  Strodtbeck  (1961), 

^  "Within  the  human  frame  of  reference,  there  are  ...  different  institutionalized 
simultaneities  ....  Their  differences  arc  due  to  different  units,  if  not  exactly 
of  me isurenient ,  th.an  of  perception. 

"There  are  thus  not  only  different  lengths  of  present  (however  diffuse)  in  most 
human  behavioral  situations  but  there  are  also  different  layers  of  present 
(kolaja,  1969,  pp.  b-9) 

^  "It  appears  that  what  is  considered  in  a  culture  as  simultaneous  is  not  only  a 
variable,  but  in  many  instances  a  function  of  a  number  of  persons  or  groups 
involved."  (I.olaja,  1969,  p,  15)  For  an  historical  study  of  mankind's  reaction 
to  time,  see  Brandon  (1951). 
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and  where  ti.e  uniCa  of  tl.  e  vary.  Ir  soltc  of  rolet  ivi;;iit  vie*..-  of  social  tlitv 

(as  distinct  fron  the  pltyslcal  tl!<c  of  the  natural  scientists)  to  uy  knot.'lccgc,  few 

0 

social  scientists  have  built  this  perspective  into  .‘'ocial  thcoriur:.  i  knot*  of  no 
theory^^  of  international  relations  that  has  done  so.  Altlicup.h,  for  er.ai.ple,  nnny 


^  Kurt  Lewln's  concepts  of  simultaneity  and  tinv  ners'.ectivc  cj;plicitly  build 
relative  time  into  his  topological  life  space,  ily  contemporaneity  ne  means  "that 
the  behavior  b  :!t  the  tine  _t  is  a  function  of  the  situation  at  tiie  time  ^  only 
is  Meant  to  include  both  the  person  and  his  psychological  cnvlroni'.cnt) , 

, 

and  not,  in  addition,  a  function  of  past  or  future  situations  or 

(Lewin,  196A,  p.  Aii)  Then  of  the  field  exlstinp  at  tir.c  Le\»’in  later  (p.  5A) 
says,  "It  is  important  to  reall^ic  that  the  psychological  past  ami  the  psychological 
future  are  simultaneous  parts  of  the  psychological  field  cxijting  at  a  giver  time 
jt.  The  time  perspective  is  continually  cljanglny.  Accoroinf.  to  field  theory,  any 
type  of  bohavlor  depencs  upon  the  total  field,  including  the  tine  perspective  at 
that  time,  but  not,  in  addition,  upon  any  past  or  future  field  and  its  tir.e  pers¬ 
pective.  Sec  also  Kolaja  (1969)  for  another  onannlo  of  social  t’leory  using 
relative  time. 

By  theory,  I  mean  av  interpreted  analytic  system  of  a  logical  or  nrthcnatical 
nature.  The  important  thing  is  that  the  structure  of  the  thonry  be  explicit  enough 
to  enable  checks  or.  logical  consistency,  deductions,  ard  dlsconformatlon  of 
predictions  deduced  from  the  theory.  This  orientation  tov;arcis  theory  is  captured 
by  Hempel  (1952,  p.  36)  in  the  follov/inp;  "A  scientific  theory  might  ...  be 
likened  to  a  complex  spatial  nctv/orn:  Its  terms  ere  rcrrcscnled  by  the  knots,  while 
the  threads  connecting  the  latter  corresnoue,  in  part,  to  the  definitions  and,  in 
part,  to  the  fundamental  atid  eerivative  hypotheses  induced  in  the  tuecry.  The 
whole  system  floats,  as  it  v;erc,  above  the  plane  of  observation  and  is  anchored  to 
it  by  rules  of  interpretation.  These  might  be  viewed  as  strire's  v/hich  arc  not  part 
of  the  network  but  link  certain  points  of  the  latter  with  specific  places  in  the 
plane  of  observation.  By  virtue  of  those  interpretive  connfcction.s ,  the  network  can 
function  as  a  scientific  theory;  Fron  certain  observational  uata,  we  nay  ascend, 
via  an  interpretive  string,  to  sor.e  point  in  tb.e  theoretical  network,  tlience 
proceed,  via  definitions  and  hypotheses,  to  other  points,  from  v/hicn  another 
interpretive  string  permits  a  descent  of  the  plane  of  observation." 

I  do  not  subscribe  to  the  social  science  practice  of  calling  theories  those 
loose  conglomerations  of  hypotheses  and  speculations  that  prevail  in  our  field. 

How  one  moves  from  idea  A  to  idea  D  in  these  speculations  is  often  obscure;  what 
can  be  deduced  from  within  them  or  from  them  is  unclear;  and  how  the-se  speculations 
would  be  subject  to  empirical  test  is  unanswerable. 
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havii  f>ouu<i  thAt  biff tfr«i  cwji  In  ;^cm;ia!  r«.l  or  abk.  kcomkU 

Affact  nAtlonAl  bwliAvlpc,  clH,r«  I*  aucj^paCIot  tiMt  rflACAiiccA  la  McUl  tliMi  ata 
aIao  rAltfVAnt.  SAtw  CAlcMAr  tlt^  fe*  OAtioM  l4  Accb;«t«i.,  tKorotlCAllf  Aatf 
pr«*cclcAlly(  AA  IbdiitlCAl  lor  aM  uAttooA  £r  4AAC;lblt4  Atcrlb«t«A  tni 

bohAvlor  AP«:  forvcAstlar.  fuiuro  IntcraACIeiMl  rvUiicx  .  It  uAjr  b*.  lo  brtA|  aa  ca 
tho  point  of  th<A  Ir.trotiuctlon,  that  tl*«.  flown  lilffArMrily  for  ooch  Aotloo  wi 
that  tit«  Ir  the  intomatlom.!  oynta  1a  attltlAlaoiulonAl.^^ 

TIilo  Aucfwntlon  provobbo  problem  which  at  flrat  a««b  laaanieMitAblo.  how 
can  VC  rdatlvltw  tUk;  ac  a  part  of  ooclal  bohavior*  Kotb  apoclflcailp,  how  cab 
ww  BAthwciAtlcAlly  thborlAw  tlaw  aa  i.  coordlAAtw  oxlo  of  oocIaI  OfACat  VhAt  Aoaa 
tho  notion  of  aultidlaon.ioBAl  tlm  oton  Intaltlvoly  otm.  MChauotleAlIp  wlthU 
a  coclal  tpacc?  /.  vohlclo  for  AtuvarlM:  tliw/o  qiHietloBi;.  ic  alroAdp  fowmi  la  tho 
joclal  flclo  thvory  bwvolop*td  «l~bVboro  (Rnaml,  19b5»  19Ma,  b).^^ 

Fluid  thoory  auL-unow  that  the  beltooior  and  attrlbut«M  of  aatloao  havo  coa> 
plox  Intcrrulatlon:!  ipc  and  arv  corxtaatly  In  flux,  lioraooor,  behaolor  aad  attri- 
butuc  fora  a  flald  of  rclatlonuhlp»— a  poctalt,  oo  to  epoak— .*«eh  that  to  axpiala 


Thlc  view  overlap!;  Inplicltly  with  thu  power  transition  thoory  of  A*  ?•  K. 
Organr.ki  (1900,  Cliaptor  12).  For  Orgonuhi,  intematiotial  politico  is  a  fwaetlon 
of  thu  ties  Chet  bind  nations  ano  thu  dlffurontial  oproad  of  indwotrialitation.  ta 
the  course  of  induotriallxatloo,  nations  go  through  stages  in  thn  dovolopaoat  of 
their  power  and  these  ctaguc  roprecent  dlfforont  DagBltudos  and  rates  of  chaago  in 
power.  At  each  point  In  tinw,  thwreforu,  Organsl.i  is  Inplying  that  natioao  aro 
changing  along  dlffurunt  t;o:.cr»tU.o  patho  and  that  nations  will  ihoruforo  bohavo, 
in  part.  In  terc.':  of  their  rulative  locatlono  on  thus*  paths. 

12 

A  basic  purnusu  of  this  paper  in  to  olaboratu  on  and  oxtvnd  the  sixth  axloa  of 
field  thoory,  which  stator,  th/it  the  direction  ano  voloclty  of  oovonotit  over  tine 
of  a  dyad  in  behavior  opncu  Ic  Along  tho  rooolutlon  vector  of  tho  diataaeo  vectors 
between  nations  in  attribute  spacu.  Slnco  fow  roodore  can  ba  oxpoctod  to  havo  o 
fonlllarlty  \'ith  thu  nature  or  purupoctivu  of  field  theory,  the  dovvlopasnt  of  tha 
axion  is  being  treated  in  a  rtoru  gunoral  context. 


I 


(«l>ustr|0f  I  I  <  f •  ■  vl ’m.  <trihat««.  fv»'vd  to  (»• 

r«  l'llt>«a*l  li~«  ‘tv  ‘vl  «CVl  ^  *  l‘  •  *  ‘teVial  ini  lUct^Cvt 

to  w»  ^ot  .»•  '  ft*>t  i>t  V ‘.u«t a  iv  rfirtiji,  rt^tultlr^; 

tn  ?  fMirtlculfsff  •ff«<t  turobrv.  th>  t«ft  not  it'olf. 

iiw*,  i**  ro«if.'!  ivv.«  inr*  ^  ««cl^l  *j --.<***  ‘•twr*  it-  Hir  inftnilur*  of 
liMtWtMft  smd  ^iitlii«it«o  o'  M>ti«oa  t:*«r»  v»ctot»  v^it*  o.  t»i>rinn  /no  t^irocilor. 
Illlo  Mct^l  »f#C«  m  l|l^«  t'lO  »v*€«r  <,.tr«ifU  tt«,  tic  novl.*; 

4«ft*r«  tiH  fMittoM  of  ttrtlooa*  in  iioit  .tttr:tn'tv^ 

At  fim  olOM,  t*ilt  »ocl»  1  cotir^lv  it  t<<£(].f;rj)tlc  .1 

^tractlon,*^  jm  intor«ttltir  Mk*l*'tlc  top  o'  l|«tlc  tt«<  lt«  unooroi :noln( 


^  7M*  forofooiioo  !•  rlom,  to  iltf;t  of  l^lr  (I'M),  thoorujo  thi't  th« 
WiMtirlor  of  iMIoloiKlo  tolv^  oti«»  ii.  e  Iii«  ..^.co*  Lcvi  »'•  iicl.*  tnotry  o%«rlaps 
ct  0  ooHLor  of  foi.  t«  oftt  Wlo«  vovrlopoO  h«rc,  ir.t«u<ii;ig  tho  .'.tttnpt  to 

foonotrlM  tlw  oovi'l  ofioco*  *ri«li  (1.'^),  0»^tvr  >J)  £l»o  Oovolopt  r  flold 
thoory,  pro'ocCliir  ii;:ilot,f  no  or^inio  into  "  iMitUi>ic«<*lpn''l  **  tislytlc  fivld." 

I«  lioth  rut  *TUIit*«  dooc  lofki«cct»,  hrtirvrr,  tl  **  ot  citl  la^ «  involvod  aro 

•oc  ciobT  ooo  t!io  atmctvro  woo*  art  loi,tca)lr  or  nntitovtlcr.tly  K-ai  tofothvr 
ooff IctofiTly  for  4i'(S«cttioai  or  toof^  of  t^icir  thoorlo>  to  to  &2wo« 

|4 

Cocaooo  a*‘0,  toatloy  (r>4)  f»Mlo*o*''l  icallv  rrrood  tlwtt  *oclal  •cionilots 
•bovld  ooo  tU  totir^iit*  of  oocfol  %rnK*^  rat*  otaoutiroo  to  tl«ovritv  el^t  »oclo- 
)o|i€ol  phoaoootv*  In  tl>o  a/'io  tHni  twitoral  '^^clonttat*  i.  o  u««d  tlio  roncrpt  of 
•piico  to  I’tol  /U»*tr^^t*/  vit**  r*o#lril  oViOt*.  )  cr»i»J*vr  -«otlv*  to  ho  m  iottl- 
loctvai  foronntirr  o<  tbv  hind  of  tio'or^  wUmoaod  he  -c. 

for  a  c/roful  oao  laforr^ow  otocuoelon  of  t^*  rolr  oa  *Ui>ir.:ctit*r.*  oocial 
tlioory,  ooo  rholdoo  (19)1).  vofortuii*t«lv,  5h«ldoi.*t  .-ik^rv  i*  littlo  known,  but 
I  vovld  r«r>ciri»oiiil  ft  to  cmpltKiont  t'anner'*  (lVi«0)  truri>  ro;orvnc*.d  Jlaruntion 
of  thoory  in  tlt4  ooclat  ocltmcoo. 


internntioi!.U  r.  l.tl 


■  It  t  ‘iVlt*  •  ifi’  tiit'ptid  ti*  r  i>  w'f',;  Ulii'ulw  rw’^llSf 
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thac  pliysir.-tl  .-pr.ci-  lb  :;o  Uv-r  i'  tl>'- i  ~.in  Siv4*pen*at»l«  onv 

to  natural  scl'i.if.  A.,  a  .•nth*.*  :i«cidl  h\\.%.c  ij  dull.,  oy  <i  NCt  of 

dji.enslonr  n  -Mcii  c!.-.  utirlbutun  .ii*d  oi  natiktiK  art  Uopindpnt,  Thmu 

dii.ioii8ioi>.  span  tV.v-  sot‘1.  I  tipai'>  ontl  aartitlun  it  it  to  t:‘0  linear  li-UiMionaunt 
luterrelationaiiip.^  —  ntits  of  caura.'  influcnru:i  •ut..  ttfit-ctb  —  o:  l‘jLinp  ir.  social 
space. 

For  tl'.voruticai  ro.aons,  tuu  i>oclal  spare  can  ec  «.ivit!ud  Into  Sc!  ^vior  and 
attribute  subspaccs.^^  'iho  forror  suLspacc  cottprlacs  the  I  ehuvior  of  dyaus,  such 
as  the  U,  S,  behavior  townitl*.  West  <  crr.ar.y,  and  each  dyad  h-.w  a  nrojectipi.  on  tho 


l.'e  tabc  phynlcnl  space  so  rach  for  >  ranted  that  it  la  hard  to  believe  that  it 
and  notion  vlchln  it  (rs  it  fuiictlons  vltMn  fclcntlflc  theory)  arc  ratheciatical 
abstractions.  On  title,  buttorf iuld's  (l';5^,  p»  04)  corr.ents  are  nor>t  pertinent. 
"The  riclentific  revolution  i.i  rost  cirnif leant,  anu  its  achiovement.s  ore  the  moat 
remarkable,  in  tr.o  fields  of  astroiiony  and  ncchaiiici;.  in  the  fon..«r  realm  the  use 
of  experiment  ir  anv  ordinary  suiuc  of  tic  tore  can  hrtaly  be  expected  to  have  had 
any  relevance.  It.  regard  tc  cito  latter  v‘v  nay  recall  vlmt  v<;  observed  v;hcn  we  were 
dealing  with  the  prollcn  of  notion  —  how  it  seemed  rensorablr.  to  say  that  the 
great  achievoment  v'as  cue  to  a  transposition  tukinr  place  in  the  r.inti  of  the 
inquirer  hinsolf.  i.ere  wa".  a  nroMen  which  only  hecar.in  r.anagenblc  when  in  a 
certain  sense  it  had  been  ''.^(’tictriseu' ,  so  that  notion  had  come  to  be  envisioned 
as  occurring  in  tl;c  cr.ptlnens  of  Archinedlan  space.  Indeed,  the  modern  law  of 
inertia  —  the  modern  picture  of  Iwidiec  continuinp  their  notion  in  a  straight 
line  and  av;ay  to  Infinity  —  xias  hardly  a  thing  wniili  the  nui.ian  uimi  would  ever 
reach,  by  an  expurir.ont,  or  by  any  attcript  to  iiaUc  observation  wore  photo  graphic, 
in  any  ca.se.  It  depended  on  the  trick  of  Hoelnr.  a  purely  !’.eoi.ietriral  body  sailing 
off  into  a  kind  of  space  vrliich  v/as  ef:nt.y  and  neutral  —  utterly  indifferent  to 
what  was  happeniup  ~  like  a  blar  h  sheet  of  peper,  nqual-ly  pa:isivc  whether  we  draw 
on  it  a  vertical  or  a  horizontal  line."  Sec  alr-o  J/irgcnau  (IbbU,  pp.  127-12B). 

These  are  net  linearly  Indepeticcnt  subupaccr,  si.cli  that  the  behavior  subspace 
plus  tl'.e  attribute  subspace  equals  social  snace.  As  v.ill  be  seen  later,  the 
behavior  subspacc  is  inneddeu  in  the  attribute  suhspacc.  liathcmatlc.ally,  it 
would  be  correct  to  say  that  noclnl  space  is  attribute  space  and  beliavior  is  a 
subspacc.  For  conceptual  clarity  at  this  stage  of  the  discussion,  however,  1  v;ill 
treat  attributes  and  bciiavlor  ns  sub.spaces. 


Tlia;.‘>'  (llr;>rtwir.nii  i!,u:«  operate  a»  coordli>atA  S'.ceo 


illoMnclons  of  ttia  aulK.pcrc.^*^ 

dcfinlnf  clio  locotloii  of  uyad  a:*  &  point  it.  the  b;\'Cfc.  <11  the  possible  dytds 

c«n  htt  thou|;ht  of  ntt  iiwan.r  of  points  throu'  h  v-Iicrc-  euwh  point  has  a  definite 

positlun  in  a  ovam  relative  tr.  other  points  and  each  point  hns  a  projection  on 

the  behavior  (lioentiloiis  partitioning  the  Interrcl.'iticinships  attonf;  the  Lehaviors  of 
19 

nations. 


18 

nlthouf'h  beliavior  in  internutionol  relations  is  usually  dyadic,  theories  and 
enplrlcal  research  usually  have  been  oit  ronads,  that  i>i,  the  total  behavior  of 
nations.  And  ruuearch  questions  are  asked  monadically,  such  aa  what  is  the 
relationship  ben/een  oconocic  developnent  and  foreign  behavior,  between  domestic 
and  foreign  conflict,  and  bctv;cen  democratlr  political  systuus  anu  forelt’n  policy. 
This  dcnir.ant  persnuctivc,  which  I  call  attribute  theory  (;:ur.irr.el,  1969a)  is 
theoretically  fruitful,  but  should  not  obscure  the  possibility  of  alternative  and 
conplemcntary  foiriulotions  in  ccn.s  of  dyads. 

/.  monadic  perspective  on  behavior  also  governs  social  and  psychological 
research.  Scurs  (1951,  p.  409),  in  trying  to  weaken  this  nonadlc  dependence,  argues 
that  *'ii  personality  and  rocial  behavior  arc  to  be  included  in  a  sini'le  theory,  the 
basic  monadic  unit  of  behavior  must  be  expandable  into  a  dyauic  one.  /  dyadic  unit 
is  one  that  dcscril  os  the  combined  aotious  of  two  or  rtore  rcr;..onc.  A  dyadic  unit 
is  essential  if  there  lr>  to  he  ony  conceptualization  of  the  relationships  between 
people,  as  in  the  parent-child,  tcaclicr-pupil,  husbrint’-wil'e,  or  leader-follower 
instances.  To  have  a  science  of  .i.t.ter active  events,  one  must  have  variables  and 
units  of  action  that  refer  to  such  events,  h’hiie  it  is  possible  to  systemati.':e 
sotae  observations  about  individuals  by  usinp  laonadlc  units,  the  fact  is  that  a 
large  proportion  of  the  properties  of  a  person  that  conpo.sc  his  personality  are 
orinlnally  fomed  in  dyadic  situations  and  are  measurable  only  by  reference  to 
dyadic  sitUiitions  or  symbolic  reprosuutations  of  tisem.  Thus,  even  a  monadic 
description  of  a  rerson's  action  nahes  use  of  dyadic  variables  in  the  form  of 
social  stimuli." 

10 

'  The  concept  of  "behavior  space"  in  field  theory  is  similar  in  some  respects  to 
Tolman's  psycholo'.ical  behavior  space.  In  describing  tliis  space  (1951,  p.  297), 
he  says  that  "a  behavior  space  will  contain  not  only  particular  objects  but  also 
their  particular  spatial  and  temporal,  or  otlu-r,  relations  to  one  ariother.  Or,  in 
other  words,  the  "ri  iium"  (i.e.,  the  "cirections"  and  "distances"  constitutive  of 
a  behavior  space)  i;ay  be  not  only  spatial  and  teraporal,  but  also  mechanical, 
aesthetic,  mathenatlcal,  or  the  like." 


-  10  - 


Siuvliarly,  uti  nttrl’ uto  snr.co^  oi  nations,  can  also  be  defined.  This  space 

would  locate  individual  nations  as  points  in  ten.'>;  of  tlu'  projocticns  of  nations  on 

the  attribute  dincr.sions.  Since  the  aii;ie?..slcns  of  attribute  space  subsume  all  the 

variation  anonfj  tlic  attributes  of  nations,  locatinr  a  nation  on  attribute  dimensions 

is  lu  effect  locating  it  in  terms  of  its  similarities  and  differences  from  other 
21 

nations. 

An  irimiediate  problem  is  how  v;c  should  conceive  of  the  origin  of  these 
spaces.  Here,  the  assumption  that  behaviors  and  attributes  are  relative  is 
central.  It  is  not  a  nation’s  absolute  attributes  and  1  ehaviorr.  that  arc  important, 
but  rather  how  his  attributes  and  behaviors  compare  with  others.  In  other  words, 
the  orip,in  of  behavior  and  attribute  spaces  should  be  relative  to  other  nations: 
it  should  lie  at  the  mean  values  of  behaviors  and  attributes. 

Ihe  assumption  of  relative  attributes  is  also  basic  in  another  sense.  The 
relative  similarity  and  differences  between  nations  affect  their  relative  behavior 
towarc  each  other.  They  act  toward  each  other  in  terms  of  the  similarity  in 
economic  development  and  political  orientation,  in  terms  of  cultural  and  religious 
similarity,  and  in  terns  of  racial  and  lany.uage  similarity.  At  the  individual 
level,  this  idea  borders  on  common  sense,  bike  marries  like.  Those  sharing 
cultural  and  social  traits  tend  to  live  close  topotlier.  The  poor  behave  differ¬ 
ently  tovrard  the  rich  than  tlicy  do  tov.'ard  others  who  arc  poor. 


From  this  point  on,  I  will  use  the  term  space,  with  the  understanding  that  for 
attributes  and  behavior  we  arc  considering  subspaces. 

21 

For  ena-nple,  since  height,  width,  and  length  are  dimensions  subsumming  all  the 
spatial  measurements  of  boxes  (such  as  volume,  total  surface  area,  and  the  area  of 
any  side) ,  plotting  boxes  in  the  space  of  these  three  dimensions  in  effect  locates 
boxes  in  ti ms  of  their  spatial  characteristics.  The  relative  location  of  boxes, 
in  this  three-dimensional  space,  then, measures  the  similarities  and  differences 
among  the  boxes  on  tlieso  spatial  characteristics. 


11 


The  aGSutiptlcn  that  slui  Lariticr.  and  differences  affect  behavior  is  an  old 

one  in  the  social  sciences,  liuch  of  this  research  has  been  done  usinp  the  more 

22 

precise  tern  social  distance.  where  those  less  alihe  in  their  attributes  are 

considered  more  distant.  Uith  the  exception  of  Ouincy  Urijjht  (1942),  the  notion 

of  social  distance  has  not  played  much  of  a  role  in  international  relations  theory 

until  recently,  Kov?,  a  deal  of  attention  is  bein-'r  niveii  to  rank  theory, 

which  postulates  that  interaction  betv7een  nations  is  a  result  of  their  differential 

status  (ranks)  on  social  status  variables  in  the  international  system,  (Lagos, 

23 

1963;  Galtung,  1964;  Gledltech,  1969) 

hations,  as  well  as  individuals,  not  only  behave  in  terms  of  relative  social 

24 

distance  but  also  as  a  consequence  of  their  geographic  distance  from  each  other. 


See,  for  example,  Landis,  Datrogler,  and  Dorn  (1966),  larlonan  and  Sat/yer  (1967), 
Priest  and  Sawyer  (1967),  h'erckhoff  (1963),  Glenn  and  Alston  (1968),  Laumann  (1965) 
and  Warner  and  DeFleur  (1969). 

23 

Rank  theory  as  it  is  being  developed  under  the  stimulus  of  Johan  Galtunp  and 
the  International  Peace  Research  Institute  in  Oslo  overlaps  v/ith  the  theory  that 
behavior  is  dependent  on  social  distances.  However,  it  is  also  mathenatlcally  dif¬ 
ferent  in  a  number  of  aspects  resulting  from  their  concern  v/lth  absolute  differ¬ 
ences. 

I  think  the  concept  of  social  distance  is  a  direct  link  into  the  social  status 
literature  in  international  relations  and  also  a  bridge  iron  this  sociological 
perspective  to  the  work  of  Ueutsch  et  al.(1957).  V/right  (1942),  and  Russett  (1967), 
At  the  sociological  level,  others  have  seen  the  connection  between  social  distance 
and  status.  For  example,  Lauraann  (1965,  p,  27)  vjrltes  that  the  "focus  upon  the 
differential  social  interaction  of  various  social  classes  or  status  strata  as  an 
important  attribute  of  a  stratification  system  Inmedlately  suggests  the  possible 
relevance  of  the  concept  of  social  distance  for  the  analysis  of  such  systems, 
inasmuch  as  the  class  structure  is  here  being  conceived  in  terns  of  the  differen¬ 
tial  degree  of  social  distance  and  resulting  differential  interaction  being  main¬ 
tained  among  the  various  members  of  the  community."  As  another  example.  Van  Den 
Derghe  (1960,  p.  156)  introduces  his  research  on  status  by  saying  that  the  "central 
concept  to  he  used  here  is  that  o£  distance  as  a  mechanism  of  stratification.  Some 
form  of  distance  is  presumably  a  functional  prerequisite  in  any  social  situation 
involving  authority,  hierarchy,  or  stratification." 

24 

For  a  blbllonraphy  of  systematic  studies  employing  geographic  distance,  see 
Olsson  (1965) .  For  a  helpful  discussion  of  geographic  distance  and  international 
relations,  see  Uohlstetter  (1968). 
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rations  that  are  contiguous  \-lll  have  a  !'pecial  salience  cor.’.pareci  to  nations  that 

are  distant.  The  sharp  impact  of  the  iioviet  union  setting  up  missiles  in  Cuba, 

scTie  ninety  miles  from  Floricie,  is  still  vivid  in  uy  rnirti  as  an  example  of  this. 

It  is  not  only  how  similar  or  difieront  yon  .are  from  another  that  is  important, 

therefore,  Tut  also  hovr  physically  close  you  are. 

Distance,  whether  social  or  geographic,  is  a  basic  force  in  social  systems 

as 

at  all  levels  and  should  have  the  st<atus  of  a  social  la'  the  relative  behavior 

of  social  units  toward  each  other  is  a  function  of  their  rel.ativc  distances  from 
26 

each  other.  The  soci.al  space  of  nations,  conueiiuuntly,  consists  of  a  field  of 


25 

By  social  law,  I  mean  a  universal  statcaaent  about  social  bcliavior  unqualified 
as  to  time  or  place.  In  this  definition,  1  disagree  wlLli  Kerton  (1957,  p.  96),  who 
requires  that  such  a  law  be  derlv.nblo  from  theory.  Laws  can  be  derivable  from 
theory,  of  course,  but  they  also  nay  be  the  a;<iomG  of  a  theory  as  in  field  theory 
and  thus  not  derivable  from  it. 

One  source  of  r.lsunaorstanding  of  t.y  definition  nay  be  the  concept  of  universal 
statement.  I  an  using  this  in  the  loricr.l  sense,  where  for  slnplc  statements  there 
are  three  types:  universal,  particular,  and  singular.  Thus,  "all  nations  trade"  is 
a  universal  statement  which  I  './ould  call  a  lav;,  "roue  nations  trade"  or  "France 
trades"  are  ntatemef.:.o  that  1  would  not  call  lov/lib.e.  Tying  the  definition  of  law 
into  the  classical  analysis  of  statements  thus  en;jblt>s  the  logical  relations  within 
a  theory  to  be  made  clearer. 

0  f 

Most,  if  not  all,  students  of  intcrnationpl  relations  will  v.'ant  to  pose  at 
least  a  fev;  and  probably  many  other  factors  affecting  liitcrnational  behavior,  such 
as  perception,  tl.c  personality  of  the  leader,  unique  circuristanccs  and  events, 
topographical  elements,  nationalism,  international  organizations  and  law,  strategic 
position,  third  nations,  and  the  hallowed  balance  of  power  configuration.  What  I 
am  doing  is  trying  to  reduce  international  relations  to  a  fundamental  abstract.' m 
—a  social  law  that  holds,  when  other  things  are  held  constant.  The  law  is  an 
ideal,  tlien,  against  wl'.ich  the  devi.atlon  of  observations  can  be  given  meaning.  The 
effect  of  third  natluns  on,  for  example,  the  behavior  of  the  U.S,  towards  Egypt 
is  considered  as  tiie  effect  of  air  rcsi.stancc  on  motion.  I  am  seel.lnp,  the.  laws  of 
motion,  so  to  spea!;,  and  once  found  these  otimr  factors  that  arc  the  favorites  of 
students  of  iiitovnetlonal  relations  can  be  consirered  variables  modifying  predic¬ 
tions  from  the  lav/r. ,  Those  who  wish  to  read  these  other  factors  into  the  theory 
at  the  outset  are,  it  appears,  Baconian  in  thilr  outlook  on  science. 

Tor  rranclr;  bacon,  science  v;as  the  accumulation  of  facts  and  ger.crallcation 
from  them,  I.o__"mi.s^ed  the  point  of  that  kind  of  science  which  v;as  to  spring  from 
nalll  CO  ,,,,  _/bacoji/  regarded  mathcnatics  merely  .ns  the  handmaid  to  physics,  and 
actually  complained  of  the  dominion  v'hlch  it  v;ar.  beginning  to  exercise  in  that 
science.  It  was  all  very  v;ell  to  do  suns  on  the  results  of  one's  experiments,  but 
Bacon  specifically  disliked  Galileo's  method  of  turning  the  problem  of  motion  ... 


-  13  - 


27 

forces  bringlnf  about  behavior,  bocial  anu  "eographlc  distances  between  nations 
are  the  forces;  the  locatioi:  in  behavior  space  of  a  pair  of  nations  (dyad)  is  a 
resolution  vector  of  these  forces.  In  field  theory,  this  relationship  is  stated 
axiomatical ly  as 


where  the  terra  on  the  left  is  the  projection  of  nation  i’c  behavior  to  nation  j  on 
the  dimension  of  behavior  space  and  this  is  a  lini^ar  corabination  of  the 
weighted  (by  parai.icter  a)  combination  of  the  distance  vectors  bett;een  i  and  j  on 
the  p  dimensions  of  attribute  snacc.  ^  bince  the  origins  of  attribute  and  behavior 
spaces  are  at  die  means,  equatlor.  (1)  also  incorporates  the  nsrunption  of  relative 
behavior  and  relative  distances. 

Given  this  brief  sketch  of  a  field  theory  orientation  toward  international 
relations,  how  are  >.'c  to  fit  tine  into  all  this?  Specifically,  how  are  we  to 
Interpret  and  compute  distances  on  social  tine  diTiensioiiS?  Tlie  follov.'iug  sections 
will  deal  geometrically  and  algebraically  with  these  questions. 


26(contlnued) 

into  the  problem  of  geometrical  bodies  moving  in  geometrical  space.  Far  from 
wanting  to  read  away  the  air-rcsictancc,  in  tiio  v»ay  the  new  school  of  scientists 
were  doing,  he  wanted  to  add  other  things  to  the  picturi;— for  example,  the  tensions 
that  were  bound  to  take  place  within  the  moving  bodv  itself ."(butterfield,  l‘*59, 

p.  106) 

In  trying  to  reduce  Internaticual  relations  to  a  fuudtuicntal  force,  I  do  not 
differ  from  traditional  theorists,  lians  !iorgenthau’s  (H’b2)  insistence  or  power 
as  basic,  is  well  Known;  others,  like  Liska  (J?5t>)  and  urpaau'ki  (1960)  have  also 
reduced  international  relations  to  citlier  the  interplay  bct\  err  power  and  norm  or 
povaer  and  cooperative  bonds  between  nations. 

27 

Geographic  distance  is  not  being  added  on  here  iu  an  ad  hoc  manner.  Ceopraphic 
attributes  are  considered  part  of  attribute  space  as  discussed  in  footnote  42. 

26 

Kurt  Levin  perceived  his  field  tlicory  in  psychology  to  Lc  a  nothoci.  's  lie  put 
it  (1964,  p.  45,  italics  omitted);  ‘'ricld  Theory  is  probably  best  ciiaract  uriceu  as 
a  method;  namely,  a  method  of  analyzing  causal  relations  and  of  building  scientific 
constructs."  Field  Theory  as  1  have  been  developing  in  this  paper  and  t-lse\.'liere 
(Ruramel,  1969b)  in  more  than  a  mctliod.  It  is  a  theory  of  social  behavior  stating 
explicit  relationships,  as  given  in  equation  (1),  hetx’uen  attrilutes  .and  behavior; 
it  is  testable;  it  is  falsifiablc. 
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II.  GLOIiTRY  OF  UOCIAL  TILi: 


To  begin  with,  natioue  ate  conceivea  of  as  points  in  a  social  space  defined 

oc* 

by  independent  cliuensions.  ^  The  behavior  and  attributes  of  nations  are  fully 

described  by  the  projections  nations  have  on  the  diiaensions  of  social  space. 

Social  space  itself  can  be  theoretically  divided  into  behavior  and  attribute  spaces, 

within  which  nations  and  dyads  are  conceived  of  as  vectors.  Figure  lA  and  lb 

30 

show  these  spaces  for  three  dinensions.  To  illustrate  hoi^'  nations  are  located, 
only  three  nations  are  shoim  in  attribute  space  and  two  dyads  in  behavior  space. 

A  label  on  a  dimension  represents  the  particular  attributes  cr  behavior  most 
linearly  dependent  on  the  particular  dimension. 

These  figures  give  the  basic  social  picture  involved  in  the  notion  of 
social  space.  An  itmediatc  question  concerns  the  logic  by  which  we  arrive  at  this 
representation  and  the  manner  in  which  we  can  empirically  define  the  dimensions  and 
projections  of  nations  and  dyads.  For  what  is  the  purpose  of  such  a  theoretical 


'  Because  the  geor.ctry  and  mathematics  of  international  relations  to  be  intro¬ 
duced  may  be  intuitively  strange,  at  first,  some  nay  wish  to  use  this  lack  of 
intuitive  fanlllarity  to  argue  against  the  theory.  In  defense  I  think  Margenau's 
(1950,  p.  ISO)  comment  suffices:  "Lose  of  Intuition  is  not  a  significant  criterion 
of  anything,  for  it  can  be  acquired  by  training  and  has  as  wide  a  range  of 
variability  from  person  to  person  as  lias  color  vision." 

30 

Frora  the  research  done  to  date,  these  spaces  for  1955  and  1963  appear  to  each 
have  more  than  ten  social  dimensions,  i.c.,  to  be  at  least  ten  dimensional. 

EconoLilc  development,  size  (or  po<-7er  bases),  and  political  orientation  dimensions 
have  been  found  to  account  for  around  forty  percent  of  the  variance  in  attributes 
among  nations  (Kuiamcl,  1969c)  for  1955  and  about  thirty  percent  for  1963. 

The  possibility  of  at  least  ten  dimensions  for  social  spoce  may  seem  strange 
and  absurd  to  those  who  are  comfortable  with  four  dimensions  of  physical  space. 

This  is  not  novel  to  science,  however,  such  multidimcnslonality  "is  at  least  as 
old  an  Lagrange,  v;ho  published  his  famous  treatise  on  'Hecanique  analytique'  in  17S8, 
and  there  is  nothing  strange  or  inherently  different  in  Gibb's  theory  of  statisti¬ 
cal  mechanics,  which  operates  with  phase  spaces  of  10  dimensions  and  more." 

(liargenau,  195C,  p.  1955) 
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representPtioii  if  vc 

therefore,  move  back 

keeolnp  contact  v?ith 
32 

the  introduction. 


canrot  ul ti'-.-itcly  tli.  it  dov;n  to  observations.  Let  us, 
to  some  initial  {■oometric  iuid  alfic!  raic  considerations  and, 
observation,  develop  tl;e  intcrprctatioi;  of  time  hinted  at  in 


In  developing  field  theory,  I  an  explicitly  tryin);  to  avoid  the  major  deficit  of 
mathenatlcal  theories in  the  social  sciences.  Ass  Ftauffer  puts  it  (1957, 
p.  30),  too  "uuch  of  what  passes  for  nathenatical  model  bwildinf:  in  the  social 
sciences  —  econometrics  affords  numerous  examples  —  seems  to  be  an  exercise  in 
equation  writirp  with  little  or  no  concern  over  the  v;ay6  and  means  of  relating  the 
models  to  empirical  ph«jnonena."  L’nf ortuTiateiy,  the  attempt  to  lodge  field  theory  in 
the  methods  and  data  operatioas  hy  v»hlch  the  theory  can  !u  related  to  observation 
has  been  a  major  source  of  iilsunderstandlng.  On  the  one  hand,  mathematical  modelers 
accustomed  to  equations  unencumbered  by  connections  to  techriiques  or  observations 
see  field  theory  as  the  development  or  elaboration  of  a  metl\odo3.oj»y  for  handling 
data.  On  the  other  hand,  empiricists  used  to  applying  various  techniques  to  data  see 
in  field  theory  Just  another  use  of  factor  anelysis  to  obteiin  dimensions  of  national 
attributes  or  behavior. 

32 

Some  may  wonder  why  I  do  not  "operationalise"  social  distance  and  just  do  a  time 
series  analysis.  The  ansv?er  is  simply  that  I  do  not  believe  that  science  makes 
great  advances  by  such  inductive  procedures,  A  theoretical  context  —  framev/ork  — 
must  be  given  to  guide  the  definition  of  facts  and  the  analysis,  as  well  as  to  inter¬ 
pret  the  meaning  of  the  results.  For  cxaiiple,  with  regard  to  the  concept  of  inertia, 
Butterfield  (1959,  pp,  9-5)  argues  that  "as  writers  have  clearly  pointed  out,  it  is 
not  relevant  for  us  to  argue  that  if  the  Aristotelians  had  merely  watched  the  more 
carefully  they  v;ould  have  changed  their  theory  of  Incrtlo  for  the  motiern  one  — 
changed  over  to  the  viw  that  bodies  tend  to  continue  either  at  rest  or  in  motion 
along  a  straight  line  until  something  intervenes  to  stop  thorn  or  deflect  their 
course.  It  wau  sviprcr.ely  difficult  to  escape  from  tlie  Aristotelian  doctrine  by 
merely  observing  things  more  closely,  cspeclrily  if  you  liad  already  started  off  on 
the  v/rong  foot  end  were,  hampered  beforehand  with  the  whole  system  of  interlocking 
Aristotelian  iueas.  In  fact,  the  modern  law  of  inertia  is  not  the  thing  you  v;ould 
discover  by  mere  photograpliic  methods  of  observation  —  it  required  a  different  kind 
of  thlnkin5-cap,  a  transposition  in  the  niui  of  tlie  scientist  himself;  for  v;e  do  not 
actually  see  ordinary  objects  continuing  their  rectilinear  motion  in  that  kind  of 
empty  space  which  Aristotle  salt-  could  not  occur,  and  sailing  away  to  that  infinity 
wliich  also  he  said  could  not  possibly  exist;  ana  v/e  do  not  in  real  life  have  per¬ 
fectly  spherical  balls  moving  on  perfectly  smooth  horizontal  planes  ~  the  trick  lay 
in  the  fact  that  it  occurred  to  fJalileo  to  imagine  these." 

A  theory  allov’s  us  to  imbed  operationalized  concepts  (and  attendent  observables) 
in  a  mesh  of  unobservable  abstractions  that  serve  to  explain  observations.  Tills 
aspect  of  theories  ins  long  been  pointed  out  by  historians  and  philosophers  of 
science  (such  as  ou’  tt,  1959,  and  Popper,  1961:  .  Piurtt's  book  was  first  published 
in  1932  and  Popper's  was  first  published  in  Ceman  in  1939)  as  •:ell  as  scientists 
themselves  (Linstiin,  1959),  but  i.crapel  was  one  of  the  first  to  bring  this  before 
social  scientists.  lu  his  words  (1952,  pp,  36-37),  "the  theoretical  apparatus  i/hich 
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(continued) 

provides  ...  predictive  and  postdictive  bridges  from  observations  data  to  potential 
observational  findings  cannot,  in  general  be  formulated  in  terms  of  observables 
alone.  The  entire  history  of  scientific  endeavor  appears  to  show  that  in  our  world 
comprehensive,  simple,  and  dependable  principles  for  tlic  exploration  and  prediction 
of  observable  phenomena  cannot  be  obtained  by  merely  summarizing  and  inductively 
generalizing  observational  findings.  A  hypothetlco-deductlve-observatlonal  proced¬ 
ure  is  called  for  and  is  Indeed  followed  in  the  more  advanced  branches  of  empirical 
science:  Guided  by  his  knowledge  of  observational  data,  the  scientist  has  to  invent 
a  set  of  concepts  —  theoretical  constructs  which  lack  immediate  experiential  signi¬ 
ficance,  a  system  of  hypotheses  couched  in  terms  of  them,  and  an  interpretation  for 
the  resulting  theoretical  network;  and  all  this  in  a  manner  which  will  establish 
explanatory  and  predictive  connections  between  the  data  of  direct  observation." 
Although  widely  referenced,  it  appears  the  Impact  of  Ilempcl'-  analysis  is  little 
appreciated  by  behavlorallsts  in  international  relations  and  the  soda.'  sciences 
generally. 

Unobservables  aside,  however,  the  faith  in  operationalization  is  so  entrenched 
among  behavlorallsts  that  it  might  well  be  emblazoned  on  the  battle  pennant  leading 
the  scientific  rovement  in  International  relations.  The  charge  "go  forth,  my  son, 
and  operationalize"  is  nov;  such  a  graduation  ritual  that  1  cannot  resist  using 
Ilempel  (1952,  p.  47)  to  lead  another  flank  attack. 

"In  the  contemporary  methodological  literature  of  psychology  and  the  social 
sciences,  the  need  for  'operational  definitions'  is  often  emphasized  to  the  neglect 
of  the  requirement  of  systematic  Import,  and  occasionally  the  impression  is  given 
that  the  most  promising  way  of  furthering  the  grov;th  of  sociology  as  a  scientific 
discipline  is  to  create  a  large  supply  of  bperatlonally  defined'  terms  of  high 
determlnacy  and  uniformity  of  usage,  leaving  it  to  subsequent  research  to  discover 
whether  these  terms  lend  themselves  to  the  formulation  of  fruitful  theoretical 
principles.  But  concept  formation  in  science  cannot  be  separated  from  theoretical 
considerations;  Indeed,  it  is  precisely  the  discovery  of  concept  systems  with 
theoretical  Import  which  advances  scientific  understanding;  and  such  discovery 
requires  scientific  inventiveness  and  cannot  be  replaced  by  the  —  certainly 
indispensable,  but  also  definitely  Insufficient  —  operatlonlst  or  empiricist 
requirement  of  empirical  Import  alone." 


Consicor  nT  by  b  riatrl>  ol  oi.f..-vvatlc»nr.  on  n  natloni  over  T  tlu«  nvriouii 
for  N  attribi'tes.^^Ou'?  of  the  colurmfi  of  the  notri:;  it  a  scaviuntial  tine  vector  with 
all  ores  for  the  first  tlsiwi:  period^  tv.'os  for  all  tho  second  cir.u  poriods^  threes  for 
all  the  thii-'d  time  pLiriod:;,  etr.  Tlie  or  >ahi:iatlor.  of  this  natrl::  is  shown  In 
Figure  2A,  Figure  2.i  shci/s  a  slniiiar  matrix  tor  behavior.  h'otc  that  v'lllc  on* 


33  The  matri:.  represontatiun  for  social  snace  and  tL’."?  leintionaUips  is  selected 
purposely  with  an  eye  to\.'ards  tiic  pttllcscphicnl  ai40  theoretical  inplicatlotts 
involved,  lietrices  arc  cm.ccivvd  of  as  linear  operators  —  as  black  boxes  — 
connecting  t’le  input  and  output  oi  social  phenomena.  II  ey  Lypaas  troditional 
social  theory  which  "cxplainr"  behavior  linkages  In  sue;'  terr.ts  as  rolcsf  noms, 
goals,  institutions,  i  nd  declslon-nahlr.r.,  I.'any  of  these  presumed  concepts  and 
processes  are  beitig  treated  as  utiobservables  as  pert  of  tl»e  unr.nown  ••  of 
social  systems.  On  this  conception  of  matrices,  see  bavis  (1^63,  Chapter  7).  On 
the  philosophical  perspective  involved,  nee  Aiaiavaara  (Alituivaava  and  Markkot^en, 
I95b),  The  pliilo.iophy  hero  is  the  same  as  that  involved  in  the  use  of  a  matrix 
representation  in  physics,  __ 

"It  ...  happens  tliat  the  classical  /pl.ysica_^  theory  has  recourse  to  the 
concepts  of  motion,  position  and  velocities  of  electrons,  viiile  what  cHcperinannal 
observations  yield  ii}  v;avc  lengths  and  intensities  of  the  radiations  raitted  by 
manifolds  of  e:;ritccl  atoms  •  This  would  secr^  to  shotr  that  the  basic  concepts  of  tha 
theory  arc  of  nc  account  for  the  final  result.  One  may  therefore  be  tei.pteu  to 
exaninc  how  far  one  could  p.o  if  tic  classical  model  vrcrc  to  Iv  abandoned.  ?\Ow  if 
one  were  to  construct  a  theory  o£  atomic  behavior  v/lthout  invoking  the  assunod  but 
unobservub  le  electronic  notices  vithint  the  atom,  one  could  hardly  do  without 
matricc  ■  and  matrix  algebra  for  the  followinj,  reason. 

"Whet;  vre  examine  the  pattern  of  rauiation  emitted  by  an  aggroRate  of  atous  — 
and  this  is  all  that  ohscr\aticn  can  do  -*•  we  tiay  conceive  of  aach  radiation  of  one 
wave  length  us  onaiintlug  from  sonu  rlttglc  atom  of  the  oggregatfi  of  atons,  and 
through  it  irdlrcctly  th*:  state  of  the  entire  aggregate  of  atoi..s,  r^y  tSius  be 
described  hy  u  succession  of  numbers  piving  the  characteristic  v*avo  length  and 
intensity  of  each  hind  of  radiation  that  the  aggregate  may  possibly  cuit.  Suen  a 
succession  of  numbers  may  be  arranged  as  a  matrix.  A  natrir.  therefore  la  one  wav 
of  describiiir>  the  state  of  affairs  nrevatling  within  a  manifold  cf  atone,  if  w 
wish  to  avoid  reference  to  Quantities  which,  lll.e  th.e  noHition  and  velocity  of  an 
electron,  are  in  principle  unobservable.*'  (Singh,  IVi9,  pn.  166-167,  italic.-,  added). 

34 

An  identical  matrix  (excluding  t!io  tine  vector)  is  employed  by  Phlilipn  (1969) 
to  represent  the  social  sp^cc  of  dynar.<ic  nation  behavior  in  u  theory  of  tiiose 
dynainics.  To  rbiliips,  the  behavior  of  a  nation  at  tliie  t  to  some  other  nation  is 
a"function  of  the  trends  unc  oscillations  about  these  trenus  in  its  past  behavior 
Thus,  behavior  beyets  Icltavior  is  the  social  law  and  it  is  abstractly 
Idealized  in  a  peor:>etric  setting  similar  to  that  of  fiulo  theory. 
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matrix  concerns  only  nations,  tlm  other  (Iea?.s  with  dyads.  This  is  a  fundamental 
distinction  and  enables  the  later  representation  of  social  distances  as  forces  in 
social  space. 

The  matrix  X  represents  an  attribute  space  of  nations  as  pictured  in  Figure 
3A.  The  nations  for  each  time  period  are  the  initial  coordinates  of  the  space. 

Only  three  of  these  coordinates  are  sho\m  in  the  Figure,  but  v;e  can  imagine  (perhaps 
with  a  little  difficulty)  the  number  of  coordlvtates  being  extended  to  all  n  nations 
times  T  periods.  The  attributes  are  vectors  in  this  space  with  projections  on  the 
axes  in  terms  of  the  attribute  values  for  each  period  (such  as  the  GIT  for  the  U.S. 
in  1965).  Time  is  also  a  vector  ir  this  space,  with  the  relationship  between  the 
attributes  and  tine  being  given  by  the  cosine  of  the  angles  between  the  attribute 
vectors  and  the  tine  vector,  such  as  for  angles  0  and  4*  in  Figure  3A. 

Imbedding  tine  as  a  vector  in  social  space  as  done  in  Figure  3A  is  a  key  to 
later  determining  the  social  tine  dimensions  of  this  space,  by  being  part  of  social 
space,  tine  has  relationships  with  attributes  (and  behavior,  as  can  be  seen  in  Figure 
3B)  and  it  is  precisely  this  relationship  we  want  to  delineate  further.  To  measure 
the  different  location  of  nations  on  social  time  dimensions  for  the  same  calendar 
time,  we  first  have  to  delimit  this  relationship  of  attributes  to  time. 

Figure  3B  illustrates  the  behavior  space  of  matrix  Y.  In  this  case,  the 
axes  are  for  dyads  for  time  periods  and  the  vectors  located  in  this  space  are  for 
behavior.  For  the  reasons  mentioned  above,  time  is  also  one  of  the  vectors  in  this 
space. 

What  are  the  minimum  dimensions  necessary  to  define  attribute  and  behavior 
spaces?  That  is,  how  can  we  transform  the  social  spaces  as  viewed  from  the  perspec¬ 
tive  of  Figure  3  to  that  of  Figure  I?  Let  us  concentrate  on  the  attribute  space 
defined  by  observations  X  in  answering  this  question,  since  the  mathematics  will  be 


the  same  in  both  cases. 
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First,  assuuu  that  ..  Is  stanucrciscid  by  columns  to  a  moan  of  Zero  and 

variance  of  1.00.^^  This  plac<i8  the  origin  of  the  spneo  at  the  mean,  consonent 

with  our  desire  that  the  space  he  concerned  with  relative  values,  and  transforms 

all  observations  to  comparable  standard  score  units.  Loch  of  the  attribute  vectors 

v;ill  now  have  a  length  equal  to  the  square  root  of  the  number  of  nations  times  the 

tine  periods.  This  standardization  will  also  involve  the  time  vector,  so  that  our 

original  units  on  the  tine  vector  are  Irrelevant  i;ithlii  a  linear  transformation. 

36 

With  X  now  ::tandardizcci,  wc  wish  to  define  the  orthogonal  attribute  dimen> 
slons  S  upon  which  all  the  column  vectors  of  X  are  liitcerly  eependent.  That  is,  we 
ere  after  the  attribute  space  direnslons  upon  which  all  i.atlon  attributes  are  depen¬ 
dent  and  which  locate  all  nations  in  attribute  space  (like  Last-best  and  h'orth-South 
dimensions  locate  all  cities  in  the  U.S.).  liore  specifically, 

X  -  SF,  (2) 

where  S  is  a  nl  by  p  matrix,  p  is  the  minimum  number  of  linearly  independent  dimen¬ 
sions  necessary  to  determine  X,  and  F  is  a  p  by  li  matrix  of  coefficients.  These 
coefficients  give  each  attribute  vector  of  X  as  a  linear  cor.ibination  of  the  dimen¬ 
sions  (column  vectors)  of  S.  In  the  terminology  of  linear  algebra,  the  column 
vectors  of  S  arc  a  basis  of  attribute  space  X.  Civen  equation  (2),  the  mathematical 
problem  is  to  find  S  and  F,  when  only  X  is  known. 

To  begin,  multiply  (2)  on  the  left  Ly  X'  where  the  apostrophe  will  denote  the 
transpose  of  the  matrix  to  v/hich  it  is  attached) . 

X'X  «  X  oF. 
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This  standardization  is  accomplished  by  subtracting  the  column  mean  from  each 
observation  in  that  column  and  dividing  by  the  standard  deviation  of  the  column 
elements. 
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It  is  desirable  for  simplicity's  sake  that  the  social  time  dimensions  form  a  right 
angle  Cartesian  coordinate  system,  which  they  will  do  if  orthogonal.  I  am  using 
orthogonal  only  to  mean  that  the  inner  product  of  the  dimensions  (or  tvo  vectors)  is 
zero.  If  I  mean  that  the  dimensions  are  also  unit  length,  then  I  will  use  the  more 
restrictive  term  orthonormal. 


Then,  u^ing  the  etj’iality  of  (2), 


r.ecalliii^  that  M  is  stanoarvliuffi  uy  colu: 
nomalize  all  column  vectors, 

1  '>•  _  '.’*c 

““  i.  ..  ■  •'  S 

O'  Ui 


r„vltiply  through  by 

S*S)F. 

ni 


the  scalar  1/nT  to 


Assume  that  the  dimensions  (column  vectors)  of  J  ure  standardizca.  Then, 


and. 


-L  S*S 
nT 


-  I. 


XM  «  7*F, 
?.  -  F'F, 


(3) 


where  r.  is  a  (product  monent)  correlation  matrix  for  all  the  vectors  in  attribute 
space,  as  for  ejiaiipie,  the  correlation  between  Clip  ati<  population  in  Figure  3a. 
Since  we  are  treating  the  vectors  in  X  as  standardizud,  K  also  givus  the  cosines 
of  the  angle  between  the  attribute  vectors.  The  direction  that  attributes  have  in 
social  space  with  regard  to  linear  tl-'o  is  explicitly  measur^id  in  R  hy  the  correla¬ 
tion  of  the  tine  vector  with  the  attr5.butes  of  nations. 

The  problem  of  solving  for  U  and  in  (2)  is  no'./  reduced  to  solving  for  F 
in  (3),  since  ?.  can  be  computed  fror.'.  a  kno\;led<»e  of  X,  Froti  the  properties  of  a 
correlation  mccrix,  we  know  that  io  aynmctrlc  and  Giaruian,  l/e  therefore  know, 
also,  that  there  is  a  similarity  trensfomation  of  11  such  that 

i:“^Rt  -  X, 
uL  ■>  EX, 

R  “  EXE"^ 

Define  E  ar,  an  ortl.onornal  matrix  of  J.gcnvtctors  (by  column)  of  R,  Then  X  is  a 
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dir.r,onal  natrl:;  oi-  corrucponciirg  ai;>i  values?  of  /  ,  anc. 

I  »  ai',  (4) 

where  tho  eigenvfilues  ir.  the  diagonal  erv  orcered  fro?,  high  (in  upper  left)  to  low 
and  the  cigenvectora  of  ci  arc  ordered  accordiiig  tc  their  eigenvalues  in  A,  An 
interesting  anc  important  aspect  of  i.  is  that  it  gives  the  principal  exes  of  the 
bllipsoic  fonieC  ii.  tl'.e  scciei  space  of  atrributes  (anc.  tirie)  by  the  s\.’arr.-.  of 
points  representing  all  nations  for  all  ti:  vi  periods  (in  I') .  The  square  root  of 
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the  corresponding  eigenvalues  ir.  A  thten  give  the  length  of  these  prirxin-.l  axes. 

The  solution  for  F  in  (3)  is  now  straightfon;ard,  where  from  (3)  and  (4), 

r.  «  LAL*  «•  i:X‘)  (A'^h')  -  F'F  (5) 

and, 

F  -  (a’-.').  (6) 

Ilctrix  F  defines  the  projection  of  attributes  on  the  nininum  social  dimen¬ 
sions  necessary  tc  define  this  space.  In  particular,  the  matrix  gives  the  direc¬ 
tion  cosines  (which  arc  also  corrclatior.c)  bclv'con  the  tine  vector  and  each  of  these 

or 

attribute  dimensions.  To  illustrate,  assume  that  in  terms  of  the  attributes  most 
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Thu  recinrocals  of  the  square  roots  of  the  eigenvalues  are  the  lengths  of  the 
principal  axes  of  the  ellipsoid  describing  the  quadratic  form  involving  a  symmetric 
matrix.  However,  in  correlation  theory  it  is  the  inverse  of  tlw  correlation  matrix 
involved  in  the  quadratic  form  which  determines  the  correlation  ellipsoio.  Thus, 
the  reciprocals  of  the  reciprocals  of  the  square  roots  of  the  eigenvalues,  which 
equal  simply  the  square  roots  of  the  eigenvalues,  are  the  lengths  of  the  principal 
axes  of  concern  to  us. 

3  <S 

The  solution  in  equation  (6)  i.s  identical  to  t.ie  principal  components  (in  fac¬ 
tor  analysis)  of  the  correlation  matri::,  ?  would  then  be  the  factor  loading  matrix. 
Sec  Harman  (1967,  Chapter  e) , 

The  componar.t  analysis  of  tho  correlation  mntrlr.  for  the  over  ti:.e  observation 
matrix  laid  out  as  in  Figure  2A  is  sor.etincs  called  "sup  x  P-factor  anrlysls," 

In  what  fcllov.’s  I  will  ignore  for  .simplicity  of  exposltlor.  the  problems  of  the 
number  of  factors  and  tho  rotation  of  the  initial  dir-enslons  to  another  solution. 

In  practice,  hov;evcr,  dimensions  v/ith  aigenvclues  greater  or  equal  to  unity  woule 
be  extracted.  Thou,  the  ndeitionr.1  dimensions  on  \?liich  time  which  has  r.  nonzero 
projection  \;ould  also  be  included  (to  assure  the  tine  vector  is  cor.’pii.  tt  iy  contain¬ 
ed  in  the  social  space  defined  by  the  dlmeiicions)  and  these  dimer.slon'i  rotated 
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highly  dependent  on  thu  fi.-rt  two  dimensions,  we  are  able  to  label  them  economic 
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development  and  po\’c:r.  aIso  assume  that  the  time  vector  is  iully  contained  in 
the  attribute  space  defined  by  these  two  dimensions,  such  that  the  remaining 
attribute  dimensions  arc  linearly  independent  of  tLme.  Figure  4  shows  the  hypo¬ 
thetical  relationship  of  tine  to  the  two  attribute  uinensions  of  social  space. 

The  matrix  F  would  give  cost  and  cos^i  ,  whore  the  angles  arc  shown  in  the  figure, 

2  2 

and  cos  0  +  cos  ^  =  l.t'O. 

From  the  Figure,  V7e  can  see  that  in  attribute  space,  time  as  a  social  con¬ 
tinuum  is  split  into  two  linearly  ane  statistically  i’.uierendent  components.  One  of 
those  components  is  related  to  the  change  in  economic  development  of  nations;  the 
other  to  power  growth,  hatlons,  therefore,  for  the  sane  calendar  time  can  be  pro¬ 
gressing  at  different  speed:;  and  independently  in  their  economic  development  and 
pov;er.  Moreover,  and  most  importantly,  these  two  dimensions  can  be  defined  as 
social  time  dimensif ns  upon  which  nations  will  Differ,  depenuing  on  their  differ¬ 
ential  growth  and  levels,  for  the  sane  calenoar  time,  VJe  can  therefore  meaningful¬ 
ly  measure  nations  in  thxJ.r  social  distance  from  each  other  on  the  social  time 
dlmcnrlcns  for  the  sane  calendar  time. 


^^(continued) 

to  a  simple  structure  (harman,  1967,  pr>.  97-99)  solution. 

Fcctor  analysis  appears  to  be  one.  of  tlie  most  misunderstood  and  misused  methods 
in  the  social  sciences.  Often  it  is  mistakenly  considered  simply  a  statistical 
technique  and  the  nathematical  nature  of  factor  analysis  and  its  ability  to  struc¬ 
ture  theories  is  generally  unl-.ncn^n.  Yet,  its  theoretical  pay-off  is  the  method's 
greatest  potential.  In  /Viimavaara ' s  words  (1958),  "it  is  more  illuminating  to  com¬ 
pare  factor  analysis  witl.  tlie  differential  calculus,  which  is  v/idely  used  in 
physics  and  chemistry,  than  to  compare  it  with  the  purely  statistical  analysis 
of  variance,  for  instance.  The  factor  tlicory  is  suggested  to  be  a  mathematical 
language  for  the  consistent  and  unified  expression  of  psychological  and  socio¬ 
log.'  cal  theories,  just  as  the  differential  calculus  is  a  language  for  physical 
theories."  (nhmavaarf,  Yrjo  and  Markkanen,  On  The  Unified  Tlteorv  of  Hind,  n.  12). 

The  vector  would  be  fully  contained  if  the  sum  of  squared  projections  equal 

1.00. 
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l.'hat  tiiea  v.ili  L.-  t:u'  i  Ltviiu;!  : o:’  ci  i.r.t ' ii.t'o  tl  if;  fittribut*.-  tri.ce,  and 
narticuir.rly  oi.  1  La;  e  i;ii. ,  .cici.;;?  .'.■ii!  caa  \ic  uiitcv  b;:  ncdv'inc  for 

raatriii  L  in  (1).  bi:.ct>  \.  .;  rov  .  i.a;;  T,  L  a  ..oIJLrrii  iMii.ivnlutioutJ  yield  a  uolutlon 
Co  i. : 


:a'-dr'  (7) 

S,  \  .  ich  e  orti'.i  'o;.o.  L  '.y  co!ur.i.,  ui  J.3  then  L;ivt'  e:.i.licitr'  the  pro- 

AU 

jectieiis  (jLai.nnruizet.)  c"'  n.atlt.';;.':  e-.i  ui  o  accrihutc  tiii  onsionr;  of  yeeial  :jpaee. 

Tor  cample,  L'  '..’oula  pivo  t..e  locctiui  Oi.  in  tfon.*.  for  tii.ie  jt-Tiod  on  Lh.e 

dicicusioiis  o'",  t  ;  a,  cce,  cf  llluotr-  t  c  for  just  the  In  uve  3.  Vue  projec¬ 

tions  in  j;  for  Giic  .  r.atici;  for  t'lci:  Lii  c  neriov.  thu".  cmfrle  aa.  ovcrtii  i  plot  of  the 
chanp.o  in  attribntes  of  a  untiou.  'f.£.nj'.c  lo  v.  circuitous  ;  ova;  cat  tiirou',:;  social 
space,  vlioro  even  v.’i '■a  oocial  ti'.e  in  tui  en  Iplo  .  ecf-i’uu,  t)u:  i.  cvu  cnt  i.icy  oc 
.nitc  curvilinear. 

I'dar  s  cofii  c  s  As  tl.»  social  space  -  social  t;'.  c  r.o'viaciit  of  o  nctior  as  it 


chanioo,  rc.latxvc  to  otiicr  nr.. ions,  o..  it.s  r..!ry  characteristic;?.,  '.hie  novenent 
co.rvoo  oi;t  a  ..aLi.  i:i  rocir  1  .saace,  stic;-  ao  in  ri;,ure  b,  that  ..ay  be  measured, 
plotted,  and  r.o.st  ii :i‘ort.',utl''  "C'lateu  to  t  c  soci.il  ci;  c  paths  of  otl.er  nations. 

.'e  can  non  raiac  one  of  cl.o  nuc-.stic  tin  .oseii  ii.  tt  o  . .  l.ow  arc  we 

to  •.eafiorc:  i.istances  in  .social  tire  for  the  erwe  crici:e.ar  tii.;*  :’  i.et  u;5  hypothesise 
a;  ain  t.mt  \.e  iirv^  tv;c  sucia.1.  tiir.e  e.'Liinisioins  sue;  i;f;  . .conosiic  Dove lov non t  and 
Pov;cr.  Fiyure  7  r.l'.r\-z  hypotaoti cal  social  tiiio  patiis  (..'roi.  F)  of  the  U.b.  anu 
i.j.f'.n.  on  th-ano  t\.'o  eir  ens  Awin: .  War  s:’;;piicity ,  both,  natior.s  for  oncii  calcrear 
tino  {  erioe  t  is  treat  ou  as  a  rcint,  .  oth  nations  i..ave  t.Iffcrert  social  tir.e 


AO 


i.-tri:.  '!  is  c>ft..r  cr..ll.>a  t'ne  cenponent  (or  f  -  ctor)  score  natrir 


g  (Economic 
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curves  end  the  dlstoncc  vuctors,  d.  ,  iL  •  etc..  Indicate  tiie  uennltudc  end  dlrec- 

zi  Z2 

tlon  of  tho  dlstonce  between  the  US  and  USSr  for  ooch  of  t!>ecc  Cw'lcndar  periods  # 

Note  that  If  wu  were  only  conconicd  with  the  distance  In  ealenuor  tine  between  the 

US  and  USSR,  it  would  always  be  tcro{  culwncnr  tine  for  both  woulc  bo  the  seme. 

Kowevor,  %rhon  ve  treat  tloe  as  a  social  dlnension,  nations  con  not;  be  differently 

located  In  soclol  tine  for  tho  sane  calendar  tliiu  and  In  relation  to  all  other 
41 

nations. 

Slallarly  Cor  ic’..r.vloi  spnct.,  iictrl:.  V  car.  Jc  etkalyz.ic  r.s  t.r.8  IL  to  yloiu 

behovlor  space  ano  time  dimensions  of  social  space,  iratloiis  arc  coupled  together 
In  this  space  In  actor*object  pairs  called  dyads  and  oach  dyad  has  a  life  path 
through  this  space.  Tho  location  and  ooeemont  of  a  dyad  In  this  path  Is  a  conse¬ 
quence  of  the  social  forces  acting  upon  It,  specifically  tite  nagnltudc  and  direc¬ 
tion  of  tao  distance  vectors  between  actor  end  object  at  oaci:  tire  t. 

Figure  8  Illustrates  behavior  space  for  two  hypothetical  behavior  tine  dimen¬ 
sions.  A  hypothetical  llfu  poth  for  US-HISSR  behavior  In  social  space  Is  shown,  with 
the  distances  from  Figure  7  acting  as  forces  on  this  novenont. 

The  theoretical  llnkosc  butweun  the  bchovlorai  life  path  and  chat  of  nations 
through  attribute  cpocc  Is  given  by 


Vj,k,t 


£  u  d  . 

1«1  11  l,i-j,t 


(8) 


where  k  Is  a  dimension  of  behavior  space  and  w^^^  a  projection  on  this  dimension,  t 
Is  a  particular  calendar  tine,  is  the  distance  vector  between  1  and  j  on  the  1^^ 
attribute  dluonslon,  onci  a  Is  a  space  clciv  parameter  for  a  specific  actor  1.  It 


Let  1  and  j  be  row  vectors  for  r^clot's  l  and  j  from  tho  inotrl>:  S.  Then  the 
dlstoncc  vector  between  nations  i  one  j  In  the  space  of  the  social  space  and  tine 
dimensions  Is  simply  1-j.  bach  component  of  this  distance  vector  will  give  a  pro¬ 
jection  on  one  of  the  soclol  spoce  ond  time  dimensions. 
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should  he  recalled  thrt  the  dincnsions  upon  which  the  social  distances  arc  calcul¬ 
ated  Involve  those  Independent  of  tire  as  well  as  the  social  time  dimensions  dis¬ 
cussed  previously.  Moreover,  geographic  dincnsions  are  assunec  to  be  part  of  this 
social  space^^  and  therefore  the  social  distance  vectors  reflect  also  the  geo¬ 
graphic  distance  between  nations. 

How  can  the  space  time  parameters  in  (8)  be  evaluated?  This  is  part  of  a 
larger  question,  v;hich  concerns  tl>e  testing  of  the  whole  representation  of  social 
space  and  time  involved  here.  Liquation  (U)  can  be  put  in  ti.e  following  natri:: 
form, 

-  DA  +  e,  (9) 

where  VI  is  a  matrix  of  projections  of  dyads  involving  the  same  actor  i  on  each  of 
the  behavior  and  time  dimensions  (ly  column)  of  behavior  space,  D  is  a  matrix  of 
distances  (differences)  between  nations  on  the  attribute  and  tine  dimensions  of 
attribute  space,  A  is  the  matrix  of  space- tine  parameters,  and  B  is  a  transforma¬ 
tion  matrix.  D  rotates  the  dimensions  of  II  such  that  the  first  rotated  behavior 
dimension  has  the  maximum  correlation  with  c  linear  combination  of  distances,  the 
second  beltovior  dimension  has  the  maxltiium  residual  correlation,  and  so  on.  The 
matrix  c  represents  error  of  fit  between  behavior  and  attribute  space  and  should  be 

minimized,  in  a  iMst  squares  sense,  in  solving  for  A  anu  B  in  (9).  Equation  (9) 
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is  then  the  canonical  model  (Hooper,  1959),  and  canonical  analysis  can  bo  orployod 
42 

Geographic  distance  is  incorporated  into  attribute  space  by  including  as  attri¬ 
butes  of  nations  in  matrix  x  throe  variables  uniquely  defining  the  geographic  loca¬ 
tion  of  each  nation's  capital  on  the  globe.  The  attributi:  dimensions  ofX  then  in¬ 
corporate  variance  associated  with  geographic  location  and  social  distances  on 
these  dimensions  reflect  geographic  distances  between  nations  and  the  relationship 
of  location  with  other  attributes. 

See  Rummel  (1969b)  for  a  more  explicit  development  of  t!ic  canonical  model  in 
the  context  of  field  theory  and  for  the  application  of  this  model  to  testing  field 
theory. 


-  34  - 


to  t-valuatc  the  paraueters  A  and  to  cctertiine  the  correlation  between  bctiavlor 
and  attribute  spaces  over  time  accortiin!,  to  equation  (b).  This  correlation  (called 
the  trace  correlation  in  canonical  aualyris)  jcrves  as  a  test  of  the  theory  devel¬ 
oped  here. 

A  virtue  of  the  canonical  model  in  linklnp,  behavior  to  distances  over  time 
is  that  lehavlor  time  dimensions  and  attribute  tlue  dimensions  can  be  linked  in 
terms  of  the  overall  relationship  between  behavior  and  attribute  distances.  The 
result  will  describe  how  the  different  groi/th  on,  say  power  ano  econolmc  develop¬ 
ment,  of  nations  relates  to  their  relative  growth  in  activity  toward  each  other. 

III.  IMPLICATIOUS 

The  discussion  in  the  last  section  presents  logically  the  perspective  on 
social  space  and  time  sketched  in  the  introduction.  In  the  remainder  of  this  paper, 
I  will  try  to  draw  out  some  of  the  Inplicatlons  of  this  view. 

nations  exist  in  a  social  space,  v;hose  origin  reflects  the  average  of  nations 
on  their  attributes  over  tine  and  v/hosc  extension  is  given  by  the  relationship 
among  the  attributes:.  Social  tine  is  part  of  this  space  and  nations  have  projec¬ 
tions  on  the  social  time  dimensions  dependent  on  their  relative  magnitude  and 
change  on  the  attributes  correlated  with  calendar  time. 

The  location  of  nations  in  social  time  and  in  calendar  time  arc  not  neces¬ 
sarily  the  satie.  Therefore,  nations  can  have  a  social  time  distance  from  each 
other  for  identical  calendar  times  and  this  distance  partially  measures  the  dif¬ 
ferent  progress  of  the  nations  along  the  social  time  dimensions. 

Since  the  origin  of  the  space  is  at  the  mean  values  for  all  nations  over 
time,  the  social  distances  between  nations  at  one  time  period  arc  relative  to  the 
attributes  of  nations  through  time.  This  reflects  the  belief  that  behavior  in  its 
relationship  to  distances  takes  place  in  a  context  and  that  the  key  to  understand- 
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Ing  the  rolu  of  this  context  Is  the  idea  of  the  relativity  of  behavior  and  attrib¬ 
utes  fron  the  point  of  view  of  the  actor. 

The  v;ay  in  which  behavior  and  attributes  are  linked  implies  that  the  time 
paths  of  the  behavior  of  one  nation  to  another  are  a  linear  transfoniation  of  the 
time  paths  of  their  distances,  as  illustrated  in  the  hypothetical  curves  of  Figure 
9.  If  the  framework  and  theory  developed  here  are  valid,  then,  a  knot:lcdge  of  the 
distances  bett;ecn  nations  at  cone  future  time  should  enable  the  prediction  of  their 
behavior. 

The  variation  in  the  space  tirae  parameters  by  actor  implies  that  the  influ¬ 
ence  of  social  distances  differs  by  actor.  This  is  due  to  each  nation  having  unique 
cultural,  institutional,  and  historical  characteristics.  Each  nation  will  be  in¬ 
fluenced  by  social  distances}  how  they  impact  on  bahavior  depends  on  the  national 
character. 

Although  varying  by  actor,  the  social  space-time  parameters  do  not  vary  by 

time  t.  This  means  that  to  have  a  knowledge  of  these  parameters  for  one  time  period 
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is  to  know  them  for  T  tine  periods.  These  parameters  therefore  describe  a  system 
state  —  a  particular  configuration  of  relationship  stable  through  tirac,  where  T 
describes  the  temporal  life  of  this  particular  system. 

Systemic  change  is  therefore  a  change  in  relationships  through  time,  where 
the  change  is  measured  by  the  alteration  in  the  values  of  the  social  space-time 
parameters  for  the  actors  in  the  international  system.  These  parameters,  for 
example,  night  have  been  constant  for  the  US,  UK,  France,  and  USSR  in  the  period 
1920-1938,  and  quite  different  in  the  years  1946-1960.  Since  1960,  I  suspect,  the 
parameters  have  again  undergone  a  change  with  the  renarkable  shift  in  the  character 

44 

See  Figure  2  again  for  a  picture  of  how  the  T  tirae  periods  structure  attribute 
space. 
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of  thc;  international  synti;:.!.  It  is  itiportant  to  note  that  if  v’e  define  T  as  cover¬ 
ing  only  the  periods  within  which,  the  parameters  are  coitstant,  then  with  change  in 
system  We  have  also  a  different  origin  of  social  space.  Thus,  systemic  change  also 
entails  a  change  in  the  perspective  of  each  nation  toward  others  —  a  change  in  thc 
context  of  behavior. 
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Tlaa  In  our  phyaleal  world  la  now  a  fourtii  dlaanalon.  It  la  eonaldarad  ralatlwa 
and  dapandant  upon  tha  point  of  wlaw  of  tha  obaarvar.  In  our  aoclal  world,  tlaa  la 
aubjactlva  and  also  dapanda  on  tha  parapactlva  of  tha  obaerwer. 

In  social  aclanca  thaorlslnt  and  aaplrlcal  analyala,  howawar,  tlaa  la  traatad  aa  an 
abaoluta  contlnuua  along  which  all  avanta  and  antltlas  axiatlng  at  tha  aaaa  tlaa  hava  tha 
aaaa  taaporal  status.  This  la  trua,  for  axaapla.  In  all  thaorotlcal  work  In  IR  whoro  tha 
exlatanca  of  an  abaoluta  calendar  tlaa  Is  assuaad.  Tha  purpose  of  this  paper  la  to  help 
altar  tha  dapandanca  on  this  singular  vlaw  of  tlaa  by  ineor^etlng  In  a  flald  theory  of 
International  relations  tha  notions  of  aubjactlva  (social)  and  aultldlaanslonal  tlaa. 

In  the  rapraaantetlon  davalopad  hare,  tlaa  la  treated  as  a  eat  of  dlaanslona  which, 
along  with  social  dlaanslona,  describe  tha  social  apaco  of  nations.  Attrlhutaa  end 
behavior  of  netlona  have  projections  on  these  tlaa  dlaanslona  contingant  on  a  nation's 
change  through  calendar  tins.  Natloha  are  differently  located  on  tha  tlaa  dlaanslona 
In  cams  of  chair  relative  aagnltudaa  on  chs  attributes  related  to  tlaa  and  their  change 
In  tlaa  on  chaaa  attributea. 

Social  tins  In  International  relatione  la  then  repraaentad  as  being  dependant  on  tha 
Observer  nation.  In  flald  theory  tarns,  dlatancaa  (for  the  saaa  calendar  tlaa)  betwtian 
nation  actor  and  object  can  ba  coaputad  on  the  social  tlsM  dlmmalona  ard  traatad  as 
social  forces  affecting  the  behavior  of  one  nation  to  another. 
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